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In the current Industry 4.0 era (I4.0, for short) [1–3], manufacturing and management
(M&M) paradigms, methods and tools should be wisely developed to fulfil sustainability
issues, regarding not just economic but also social and environmental concerns by simul-
taneously fostering organizational efficiency excellence and transformational initiatives,
therefore contributing to enduring business results [4].

Collaboration is an important paradigm that implies an interaction between two or
more entities. They co-learn [5–8], thus being of utmost importance to reach the sustain-
ability requisites stated, particularly in the I4.0. In the context of collaborative M&M, this
paradigm is applicable between any two or more entities, which includes not just common
manufacturing resources or machines (M-M) but also humans (H-H) and their interaction
with the machines (H-M) [6].

The I4.0 is characterized by a widened set of other paradigms, methods and tools that
can promote sustainability in manufacturing systems, with flexibility as one important
aspect [9]. However, this flexibility cannot just arise directly from the flexibility underlying
the manufacturing resources but also from other perspectives, namely through the flexibility
subjacent to the manufacturing systems itself, while enabling quick adaptation of the
production under dynamically varying conditions. These requisites arise either internally,
in the factories, or from the outside, namely regarding the need to fulfil the customers’
expectations or needs [5,9–12].

Although not new, the simulation technique has also been gaining a refreshed im-
portance nowadays in the I4.0, being one of its main pillars [13–15]. Simulation is a very
versatile technique that enables the implementation of different methods by using various
software and tools, which can be easily adapted to the specific needs of the manufac-
turing systems [13,15]. One such need consists of supporting manufacturing manage-
ment [13,15–17] to reach appropriate solutions in manufacturing systems, varying from
make-to-stock (MTS) to make-to-order (MTO) production philosophies, such as engineer-
to-order (ETO) and design-to-order (DTO). In this regard, advanced simulation, along
with other management approaches and systems, for instance, based on game theory, and
other advanced and integrated optimization approaches, namely for chaos and complexity
management, based on distributed, collaborative, and real-time management principles,
are of upmost importance nowadays, in the I4.0 [18,19].

In the context of I4.0, another important issue starts with the capability of designing
smart products and advanced materials, and/or production systems based on concurrent
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and collaborative engineering, e.g., on open design and advanced design theory. In this
regard, metatheory, formal theories, and formalisms, along with learning organization
principles, organizational semiotics, and standards, are relevant nowadays [19].

The cyber physical (production) systems (C[P]PS) and smart factories, based on in-
telligent sensing systems, open systems, and networked and distributed manufacturing
systems, as well as urban production systems, along with virtual organizations and open
systems, do also play fundamental roles nowadays [13,18,20–22]. In such advanced manu-
facturing systems, integration, distributivity, virtuality, agility, servitization, digitalization,
and decentralization are also major issues in sustainable and collaborative processes and
practice in the I4.0. In this regard, the (Industrial) internet of things ([I]IoT), smart and
ubiquitous networks based on the cloud, enable large and complex networks and their
digitalization [10,11,23,24]. Decisions and related actions must be taken quickly and are
supported by accuracy monitoring systems [25].

Cloud-based computing, manufacturing and management are thus fundamental cur-
rently for fully proving enhanced flexibility and suitability for enabling collaboration and
effective engineering practice [6,10]. Cumulatively, horizontal and vertical integration
among partners, factories, suppliers, customers, and other businesses and/ or stakeholders
is also crucial in the current I4.0 era [5].

Additive manufacturing or 3D printing also consists of other critical enabling technol-
ogy and principles for promoting collaborative processes and practices between stakehold-
ers in networked manufacturing environments. Moreover, exponential technology and
advanced processes, high-performance computing, and disruptive technologies (e.g., au-
tomation and robotics, autonomous and collaborative robots, advanced mechatronics,
micro and nano manufacturing, and supercomputing) are also key enablers for sustainable
manufacturing and management in the current I4.0 context.

Advanced interfaces, virtual and augmented reality, and digital twin, promoting and
enhancing collaboration between entities, are also critical today. These technologies enable
advanced and integrated decision support systems (DSS) and databases (DB), knowledge
engineering and knowledge bases (KB), automatic data acquisition, and a semantic web for
enhancing collaboration.

There are also other relevant approaches, methods, and techniques in the I4.0, for
instance, based on artificial intelligence, e.g., machine learning and deep learning, pattern
recognition, blockchain, and other technologies and methodologies for enabling and en-
hancing manufacturing and management [21,22]. In addition, business intelligence, big
data, and data analytics in the specific data science domain are essential pillars of I4.0 [26].

Moreover, it is also of utmost importance to explore new business and organizational
models, attending to the need inherent to the circular economy, finance, and risk manage-
ment in and between organizations [27]. That can support organizations simultaneously
managing the present and transforming for the future while responding to the challenges
and opportunities of changing business environments [28]. The organizational change and
transformation are now mandatory, regarding employees, their competencies, and culture,
to reach suitable manufacturing and management [27]. For industry, the management of
I4.0 it is a crucial issue and should also be carried out considering factors of production,
directly or indirectly, in order to improve their performance [29].

All these issues are crucial for enabling advanced, integrated, and intelligent supply
networks, projects, businesses, and their integrated and fully supported management, to
reach manufacturing and management while ensuring high-quality standards, extended
to other practices, e.g., maintenance and control [4]. To this end, several different kinds
of performance measures and goals should be considered to reach sustainability, orga-
nizational and machine robustness, scalability systems, and other advanced enterprise
information systems (EIS), such as enterprise resource planning (ERP), manufacturing
execution systems (MES), and systems for supply chain management (SCM).

This Special Issue aims to provide new insights regarding manufacturing or manage-
ment paradigms (strategies), methods, tools, and practices aligned with the contemporary
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necessity to create and implement sustainable I4.0 manufacturing systems. Each of the five
selected papers of this Special Issue makes a novel contribution to that aim.

Samala et al. present a job adjustment strategy for predictive maintenance in semi-fully
flexible systems based on machine health status to reduce simultaneous machine failures,
improve the average occurrence of the first failure time of machines, and decrease the loss
of production.

Silva et al. present a decision-making tool based on a simulation model to support
the production of knits and damask fabrics that significantly increase production rates and
reduce waiting time.

Xiong et al. study the optimal production planning in a hybrid MTS and MTO produc-
tion system for a single product under the cap-and-trade environment, providing optimal
production decision and carbon trading decision for the manufacture case study under a
cap-and-trade environment.

Zrelli et al. research the extent and nature of productivity growth in manufacturing in-
dustries using nonparametric frontier techniques by applying the output-oriented Malmquist
productivity index method for 34 Tunisian manufacturing industries over 2002–2016.

Oláh et al. represent Industry 4.0 and its technologies, which are integrated with
sustainable development goals, to promote a sustainable Industry 4.0, combining environ-
mental protection and sustainability.

Undertaking this Special Issue, Manufacturing and Management Paradigms, Methods
and Tools for Sustainable Industry 4.0-oriented Manufacturing Systems, was a challenging
and rewarding task for the Editors. The diversity of the manuscripts demonstrates the broad
scope and relevance of the research theme in fostering performance and transformation to
achieve sustainable and enduring outcomes.
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